ABSTRACT The iatrogenic ureter injury is a common medical negligence in the gynecology, abdominal, and urinary surgeries. Anatomically, the ureter is covered by peritoneum and connective tissue, and the doctor cannot observe it directly in surgery. The ureter injury may cause significant complications for patients and medical disputes. It is important to indicate the ureter position for aided surgery of the doctor. To provide ureter position for doctors in the laparoscopic surgery, we design an image-guided endoscope system that includes a novel endoscopic video system with a visible-light camera and an infrared camera. The visible-light camera is to capture the coeliac image and the infrared camera is to capture the ureter position, simultaneously. To extract accurate ureter position in the infrared image, we also propose a self-adaptive threshold segmentation algorithm to extract the real ureter position as accurately as possible. The self-adaptive threshold and scattering factor are taken in to full account for the ureter segmentation. In addition, the scattering property of light is also discussed to choose the optimal light. Finally, we design and develop the image-guided endoscope system, and experiment it on the animal. The experimental results demonstrate that the proposed image-guided endoscope system achieves 93.8% and 90.6% in terms of true positive rate and positive predictive value, respectively. The processing speed of the proposed algorithm can reach about 165 frames per second (f/s), and the frame rate is far faster than the frame rate (30 f/s) of the traditional endoscope system. The accuracy and processing ability of the system can satisfy the clinical demand. The iatrogenic ureter injury may be decreased when the surgeons perform the operations with the ureter position displayed in real time.
I. INTRODUCTION
Iatrogenic ureter injury occurs occasionally in the gynecology, abdominal, and urinary surgeries [1] - [3] . This medical negligence will bring serious effects to both doctors and patients. Under normal circumstance, the ureter is covered by the human tissues [4] - [6] , and the doctor cannot observe the ureter during the operation. In surgery, the rich experienced doctors distinguish the ureter by the anatomic relationship. However, the ureter injury also occurs with the different reasons. The doctor may ignore the anatomic relationship between the ureter and other tissues such as the uterine artery, colic artery, spermatic vein, and inferior mesenteric artery. The tissues are covered by the peritoneum, and the shapes are very similar. To dissociate the ureter, the doctor should dissociate other similar tissues one by one. The tissue adhesion and excessive bleeding also increase the difficulty to distinguish the ureter. The normal anatomical position of ureter may change when the condition of tumor adhesion and extrusion occurs. In this complex circumstance, the ureter injury takes place easily even for very experienced doctors [7] , [8] . The ureter injury may cause serious complications for the patient, such as urinary extravasation, urinary fistula, hematuria, lumboabdominal pain, and fever. Furthermore, the ureter injury is usually found after the operation. Without the timely treatment, the serious complications may be life-threatening for the operating patient. Hence, with the endoscope widely used [9] - [12] , the medical negligence of ureter injury is increased [7] , [13] . Therefore, it is necessary to recognize the ureter position for the doctor in surgery. This issue attracts many attentions nowadays but without an effective method to indicate ureter position in clinic. Some doctors insert the double J-tube [14] or ureteral catheter [15] , [16] into the ureter to mark the ureter. In order to recognize the real ureter position, the doctor should touch the suspected pipes in the abdominal cavity. If the doctor find that the suspected pipe is hard, and the pipe may be the ureter. However, the doctor's hands cannot reach the ureter in the minimally invasive surgery, and the method only can be used in the open surgery. The doctor uses the operating forceps to process the surgery in the minimally invasive surgery, and it is difficult to perceive the hardness of the suspected pipes. Furthermore, the method cannot provide the real-time visible sense for the doctor. Some doctors use a light pipe to mark the ureter in the clinical trials [17] , but the light pipe is difficult to be captured by the endoscope system under the strong endoscopic light. And the method is not applied in clinic so far. The ultrasound-guided [18] technology is also used to indicate the ureter position, but it cannot provide the whole visual image of the ureter for the doctor. Except for above methods, some doctors use the intravenous pyelography and retrograde pyelography to recognize the ureter, but these methods are used in pre-operation. The near-infrared fluorescence (NIRF) technology [19] - [22] is proposed to recognize the ureter in recent years. However, the fluorescence is too weak to penetrate the ureteral wall, and the ureter can be detected when the ureter is partially exposed. In [23] , a novel endoscope system which can display the ureter position is proposed. It is the first endoscope system that can automatically detect the ureter position, but the displayed images exist slightly flickering phenomenon. To remove the flickering phenomenon, [24] proposes the ARES-UPD with the encoded endoscopic light to detect the ureter position. In [25] , the IGES-UD based on the infrared is proposed to detect the ureter position. The detective ability and processing speed are better than previous works [23] , [24] .
In this system, in order to further improve the detective ability and processing efficiency, we propose an image-guided endoscope system based on the multispectral imaging for the ureter detection. Under normal circumstance, the ureter cannot be detected by the endoscopic camera. We use the infrared imaging technology to realize the ureter detection. A pipe with infrared light is used to mark the ureter position, and two cameras that includes a visible-light camera and an infrared camera are used to capture the coeliac image and the ureter position. This method significantly improves the detective ability of the ureter. In addition, we design and develop a novel endoscope system which includes the hardware and software systems to evaluate the performance of the proposed system. The animal experimental results demonstrate that the image-guided endoscope system can obtain the accurate ureter position in real-time. The imaging quality and processing speed are also better than our previous systems [23] - [25] .
Compared with the traditional endoscope system, the image-guided endoscope system realizes the function of the ureter detection in real-time. We modify the system structure of the traditional endoscope system, and propose a novel imaging method for the ureter detection. The system not only has the function of the traditional endoscope system, but also the function of the ureter display. The innovations are shown as following.
1) Technology innovation: The proposed image-guided endoscope system resolves the problem of the ureter display, and will reduce the medical negligence that the ureter is easy to be damaged during the surgery. In the laparoscopic surgeries, the doctor should recognize the ureter that cannot be captured by the traditional endoscope system for avoiding damaging the ureter. The proposed system can display the ureter position in real-time for realizing the function of assisted surgery. 2) System structure innovation: The novel system structure based on the multispectral imaging is proposed to solve the problem that the ureter is difficult to be detected. The novel endoscope video system based on the infrared for the ureter detection is first designed in the endoscope system. The camera can easily capture the infrared signal of the pipe inserted in the ureter. Furthermore, because the visible-light imaging system is not disturbed by the infrared light, the final displayed images will have high-quality imaging. 3) Theory innovation: To accurately segment the ureter position, we propose the SATS algorithm. The segmented threshold can be automatically obtained, and the scattering factor is used to obtain the optimal threshold to reduce the over-segmentation. Experimental results illustrate that the algorithm can achieve the accurate ureter position in real-time. The remainder of this paper is organized as follows: Section 2 introduces the system architecture and the ureter imaging methods that include image acquirement, ureter extraction, and image fusion. Section 3 gives the system implementation and the system evaluation. Section 4 discusses the importance of the proposed image-guided endoscope system and its future directions. The Section 5 concludes the paper.
II. SYSTEM ARCHITECTURE AND IMAGING METHODS
There are two key issues for the ureter detection. One is how to mark the ureter position. Under normal circumstance, the ureter is covered by the human tissues, and the traditional endoscope system cannot capture the ureter information. We should use some method to mark the ureter, and make it generate some signal. Another issue is how to detect the signal from the ureter under the strong endoscopic light. In this section, to solve the issues, we design a novel endoscopic system architecture, and propose new imaging methods for the ureter detection. 
A. SYSTEM ARCHITECTURE
To realize the function of the ureter detection, we design the image-guided endoscope system. The system architecture is shown in Figure 1 that gives the schematic diagram of the proposed system. Before executing the surgery, a pipe is inserted into the ureter. The pipe is similar to the ureteral catheter in terms of the shape. The pipe is linked with an infrared light, and the whole pipe will give out light. The insertion operation is same as usual insertion operation of the ureteral catheter. The endoscopic images are captured by the designed endoscope video that includes two cameras with different imaging spectrums. Because the infrared camera only captures the infrared light [26] , [27] , we use the infrared camera to capture the pipe inserted in the ureter. Furthermore, we propose the SATS algorithm to achieve the precise ureter position. The coeliac image is captured by the visible-light camera. These two images are used to generate the output image displayed in the endoscopic monitor.
B. IMAGE ACQUIREMENT METHOD
There are two key issues for acquiring the ureter information. One is the choice of the medium which should have good characteristics of light transmission. Because the ureter is covered by the human tissues, the indicated light should penetrate the light-guided medium as much as possible. The non-toxic of light-guided medium is also necessary requirement in our experiments. Thus we choose a surface-lighting plastic optical fiber (POF) [28] , [29] as the light-guided medium. The light will penetrate from the inner of POF to outside. The input light is not only reflected but also refracted in the POF. Thus, we can observe the light on the whole POF. The outer layer of POF can choose the medical polymer material, such as Poly Methyl Methacrylatemethacrylic Acid (PMMA) [30] , [31] , Poly Tetra Fluoro Ethylene (PTFE) [32] , [33] , and others. The POF mainly includes two components: outer layer and central layer, and the schematic diagram is shown in Figure 2 . From Figure 3 , without the endoscopic light, the average grayscale of ureter region is large enough for the ureter detection. While the endoscopic light is on, the ureter position is covered by the strong endoscopic light, and the weak light from the pipe is difficult to be detected. The experiments indicate that the infrared light (850 nm) still can be captured enough brightness for the ureter indication under the strong endoscopic light. Thus, we choose the infrared light (850 nm) as the light source for the pipe in our system. These phenomena demonstrate that the visible light is easily covered by the strong endoscopic light, and the grayscale difference between opening and closing light is conspicuous. From Table 1 , except for the 850 nm infrared light, other lights are decreased from about 70% to 80%.
C. URETER EXTRACTION ALGORITHM
Actually, the ureter region of infrared image is larger than the real ureter. This phenomenon is caused by the scattering of the light. To extract precise ureter position from the infrared image, we propose the SATS algorithm which automatically chooses the initial threshold and adds a scattering factor. The fundamental idea of SATS is from the OTSU method [34] , [35] , but the OTSU method cannot solve the scattering issue. The OTSU method is used to obtain the initial threshold for the SATS algorithm. Then, the scattering factor is used to obtain the precise ureter position.
The initial threshold T initial is obtained by Equation (1).
(1)
where n i is the number of pixels with grayscale v i ; n is the total number of pixels in the infrared image, and c is the initial grayscale threshold of the first class. The grayscale of first initial group is [0, 1, · · · , c − 1], and the other group is [c, c
. URETER denotes average grayscale of the ureter position; and BACKGROUND is the average grayscale of the background. Since the light exists the phenomenon of scattering in the human tissues, the segmented region will be larger than the real ureter. Thus, the scattering factor is considered in the optimal threshold to reduce the over-segmentation. According to the scattering characteristic, the scattering factor ξ should be added to the initial threshold.
The choice of scattering factor ξ is based on the scattering characteristic of light [36] in human tissues. The detailed discussion of the ξ is given in Section III-B.1. After obtaining the optimal threshold, the ureter position is segmented using Equation (5) .
where P gray is the grayscale of the captured infrared image; P ureter is the grayscale of ureter position. The corresponding position of P ureter in the infrared image is the extracted ureter position.
D. IMAGE FUSION ALGORITHM
The output image of the image-guided endoscope system includes the coeliac image and the ureter position. , we can obtain the image of coeliac tissues. The ureter position is extracted by the SATS algorithm as described in Section II-C. In order to indicate the ureter position but does not disturb doctors' operations, the semitransparent color is chosen for display. Because the green color is rare in the human abdominal tissues, we choose the green color to mark the segmented ureter position. In addition to this, other differentiated colors also can be chosen as the marking color.
Generally, the visible-light camera almost cannot capture the infrared light, and the visible-light image does not include the ureter position in the actual application. In this system, we choose the green as the marking color, so the channel of G is chosen to be processed as Equation (6) .
where V G i,j is the visible-light image of the enhanced G channel; the segmented ureter position in the infrared image is described as U i,j ; i, j is the coordinate of the image; G is the fused channel of G in the visible-light image. The final output image is denoted by F i,j . R, G and B are three channels of the visible-light image. 
III. SYSTEM IMPLEMENTATION AND EVALUATION
To evaluate the proposed image-guided endoscope system, we design and implement the endoscope system. The endoscope system mainly includes the endoscope host system and endoscope video system. The endoscope host system mainly provides the function of the image processing, and the endoscope video system is used to capture the coeliac image and the ureter position. Finally, the system is applied and evaluated by the animal experiment.
A. SYSTEM IMPLEMENTATION
The developed system includes hardware and software components. The endoscope host system and video system are the key components in the hardware system. The endoscope host system (Figure 4(a) ) mainly includes a processing server, an infrared light module, a LED cold light module, a LED power, a server power, and other auxiliary equipment. The hardware system is used to capture the image, process the captured image, and provide the infrared and LED lights. To further reveal the schematic of the endoscope host system, we also give the electrical schematic diagram in Figure 4 (b) that reveals the connected relation of all the components in the host system. In addition, we develop the software system that is easily used to be operated in the clinical experiments for the doctor. The software system is installed in the processing server before running the system.
The developed endoscope video system as shown in Figure 5 , and it mainly includes a visible-light camera, an infrared camera, and a spectroscope. The light path from the abdominal cavity is separated into two branches by the spectroscope, and goes into the visible-light and infrared cameras, respectively. The laparoscope is a common endoscope used in the laparoscopic surgery.
B. SYSTEM EVALUATION
The accuracy of the ureter position and the processing speed are the key indicators in the image-guided endoscope system. TN , FP, and FN ) can be obtained in [24] and [25] . Actually, it is difficult to obtain the ground truth of the ureter position. In order to mark the real position of ureter as accurate as possible, we dissociate the ureter after experiments, and mark the ureter position based on the real ureter position and visible-light images. Although the marked ureter position is not absolutely precise, the position is still worthy to be evaluated with the segmented ureter position.
The frame rate of the image display is another key indicator. The frame rate of the traditional endoscope system can reach the 30 f/s or up. Thus, the processing speed of the proposed endoscope system should be close to 30 f/s or up. It means that the processing speed of each frame image should be less than 0.033 seconds. In this system, the time cost mainly includes the time of image segmentation and image fusion, and we should reduce the time cost as much as possible in these procedures. In our evaluation experiments, we use the computer with the Matlab 2016 to process and evaluate the accuracy and processing speed. The basic hardware configuration of the computer includes Intel i5-4570 CPU, Nvidia GeForce GTX 750 graphics card, and 16 GB Kingston memory chips.
In this experiment, the used animal is a sow with the weight about 60 kg. Before the simulated surgery, the sow is anesthetized with the propofol. With the surgery processing, the propofol is being injected intravenously. The sow is breathed by the manual resuscitator bay during the surgery. The laparoscope is inserted into the pig's abdominal cavity, and capture the images.
After setting up the experimental platform, the proposed image-guided endoscope system can be used in the animal experiments to evaluate the performance of the system. First, the visible-light and infrared cameras capture the images of abdominal cavity simultaneously. The captured images are shown in Figure 6 . From Figure 6 (b), we can easily obtain the ureter position, and the accurate position is extracted by the SATS algorithm as described in Section II-C.
Then, the procedure of image fusion is processed by Equation (6) . The processed result of image fusion is shown in Figure 6 (c).
1) THE PERFORMANCE EVALUATION
In order to evaluate the performance of the proposed image-guided endoscope system, 100 pairs of images from the 1889 pairs are randomly selected. The TPR, PPV , ACC, and F 1 are used to evaluate the accuracy at different standpoints. From Figure 7 , we can know that if the threshold is increased, the TPR will be decreased, the PPV will be increased, and ACC and F 1 will be increased first and then decreased. When the scattering factor ξ is 20, the ACC and F 1 have the maximum, and the TPR and PPV have a point of intersection. The experimental results indicate that the TP and FP are decreased with the increasing threshold, and it causes that the TPR is decreased and PPV is increased. The point of intersection indicates that the segmented result has the maximum coselection rate with the ground truth. Thus, the optimal segmented result is at the intersection. In addition, the processing time is also the important index for the clinical application. In the clinical endoscope system, the frame rate is about 30 f/s. Thus, the processing time should be less than 0.033 s in our proposed system. According to the experiment, we randomly select 100 pairs of images to count the average processing time. The experimental result indicates that the average processing time is about 0.00607 s.
2) THE COMPARISON WITH OTHER URETER DETECTION METHODS
A comparison of different ureter detection methods are reviewed in Table 2 . We discuss the comparison from the five different indicators of the different methods. The basic principle gives the fundamental detection method of the ureter. The detected accuracy of the ureter position is given in the accuracy. The processing speed indicates the processing time of each frame image, and it denotes the frame rate of the different methods. The available time is the service time of the method in surgery. The available phase is the detective phase of the ureter position. Based on the significance of the ureter position, we only discuss the situations of intraoperation and pre-operation. The ureter detection of postoperation is usually as the postoperation review in the urinary surgery. Because some traditional detective methods are manual or non-intelligent, a few detailed information cannot be quantized and verified, and the information is expressed as ''N/A.'' Although some detailed indexes of traditional method cannot be compared, the methods are still worthy to be compared together.
The ureter position is very important during the surgery. The basic operations of the doctor need keep off the ureter at every moment to avoid damaging the ureter. The detective methods of intravenous pyelography and retrograde pyelography are all used before the surgery, and the pre-operative ureter position cannot provide the real-time position for the doctor. The ultrasound-guided method also can achieve the ureter position, but the ureter imaging is transverse section which is not visualized for surgeons. The ureteral stent is the common method that is used for marking ureter, but it cannot provide the visual position information. The doctor recognizes the ureter by touching the suspected intestinal tube, because the ureter inserted a stent is hard. With the popularity of the minimally invasive surgery, the method of the ureteral stent is difficult to be used in the modern surgery. Although the lighted ureteral stent can provide the visual position, its light is easy to be covered by the endoscopic light. The method is merely used in a few trials. The near-infrared fluorescence imaging detects the ureter position by injecting intravenously the dye. With the urine flowing, the dye which is excited by the laser can be detected by the near infrared camera. Although the fluorescence imaging can obtain the ureter position with the dye, the detective ability is too weak to be useful in clinic. However, with the consumption fo the dye, the detective signal of the ureter position will be increasingly weak. In the ES-PDDE [23] , the visible-light enhancement detection is used to indicate the ureter position. The advantage of the ES-PDDE compared with other methods is that the system is more automatic and more intelligent. In the ARES-UPD [24] , the imaging quality and speed are improved than the ES-PDDE. Reference [25] uses the multispectral camera to detect the ureter marked by the infrared light. The detectability of the ureter is improved, and reduce the complexity of the processing algorithm. In the current system, we design the image-guided endoscope system to obtain the ureter position. The quality of output image is further improved than the systems of ES-PDDE and ARES-UPD, because the infrared camera has stronger detectability than the visible light under the strong endoscopic light. In [23] and [24] , the methods are used to mainly enhance the weak signal of the ureter position under the strong endoscopic light. In this system, we design the multispectral imaging system that includes visible-light and infrared cameras for the image acquirement. Because the infrared camera is specially used for obtaining the ureter position, the ureter signal cannot be disturbed by the endoscopic light, and the detectability of this system is stronger than [23] and [24] . In addition, this system uses the multi-camera imaging system, the two cameras can capture visible-light and infrared, respectively. Thus, compared with [25] , the imaging quality is further improved. The ureter position is easily segmented in the infrared image, and the algorithm complexity of the image segmentation is also easier than [25] .
IV. DISCUSSION AND FUTURE DIRECTIONS
A novel endoscope system based on the multispectral imaging is proposed to recognize the ureter position. According to the experimental results, the proposed image-guided endoscope system can obtain accurate ureter position with the fast processing speed. Because the infrared camera is used in the system, the captured ability of the weak ureter information is enhanced. By the animal experiments, the accuracy and speed of extracted ureter position are satisfied with the clinical demand.
Generally, there are some tissues cover the ureter, the doctor cannot directly observe the ureter in surgery. In addition, the traditional endoscope system cannot capture the ureter inserted a lighted pipe under the strong endoscopic light. The endoscopic light will cover the weak light from the pipe. Thus, we use the POF to mark the ureter position, and design a multispectral endoscope system which includes visible-light and infrared cameras to capture different images. Another advantage of the proposed system is that the marked ureter by infrared light cannot be influenced by the endoscopic light. This advantage may significantly improve the detective ability of the ureter.
Through a limited number of lights which are tested in our experiments, we find that the 850 nm infrared light satisfies our demand. Under the strong LED light, the infrared camera still captures the obvious infrared light from the pipe inserted into the ureter. On the contrary, the LED light, red laser, green laser, and 940 nm infrared light have the inferior performance in terms of penetration. Hence, the choice of indicated light is also significant in our system. Maybe the better light source is satisfied our system, however, the 850 nm infrared light is the best choice in our system in our experiments.
Apart from the systems of ES-PDDE, ARES-UPD, and IGES-UD, the current system is the most possibly used to obtain the intraoperative ureter position in clinic. The proposed image-guided system has significant improvement compared with our previous proposed systems. We design a novel imaging system and imaging method for the ureter detection. In the ES-PDDE system, the final images are fused by the bright and dark images. However, the bright images exist the grayscale difference in the video stream, the final fused images may cause the visual fatigue for the doctor. The display of the ureter is generated by the curve fitting method, and the method has extensive computation complexity which will reduce the processing speed. Hence, the imaging quality and processing speed are not as good as this proposed system. In the ARES-UPD, the endoscopic light adopts stable light source, and the bright and dark frames are captured based on the status of the twinkling POF. The ureter position is processed by the monochrome channel filtering algorithm and automatic region growing algorithm. The imaging quality and speed are improved in comparison to the ES-PDDE. The ES-PDDE and ARES-UPD obtain the ureter position with the visible light to mark the ureter. The differences between them are that adopt the different marking styles and propose different image segmentation algorithms. In order to improve captured signal strength from the ureter, the IGES-UD adopts the infrared light to mark the ureter for the first time. The IGES-UD can reduce the effect of the strong endoscopic light, and capture the conspicuous signal from the ureter. The detective ability and processing speed are further improved than previous works [23] , [25] . The fluorescence imaging technology was also proposed to indicate the ureter position in the past. Although the method can obtain the intraoperative ureter position, it has some disadvantages that may reduce the convenience and availability in surgery: 1) the fluorescence signal is not strong enough to support the ureter visualization for the surgeon during laparoscopic surgery [22] , and the close proximity is required between the endoscope and the ureter to obtain the fluorescence signal, 2) as the urine flow in the ureter is not continuous, and the fluorescence signal is related to the urine flow. Thus, the fluorescence signal will be varied with the change of urine flow during the surgery [21] , 3) the frame rate of fluorescence imaging is about 15 f/s in the procedure of merged image [19] . However, the traditional real-time frame rate is 30 f/s in the traditional endoscope system, and 4) the patient should be notified that intravenous dye injection could potentially cause the serious anaphylactic reaction, even though this risk is very low to negligible [22] .
The endoscope system with the function of the ureter display can indicate the ureter position during the surgery. The real-time indication of the ureter can help the doctor recognizes the ureter without excessive caution. The function may shorten the operation time and reduce the anesthetic effective time of the operating patient. The more importance is that the system may reduce the medical accident of iatrogenic ureter injury if the image-guided endoscope system is used in clinic.
In addition, with the development of artificial intelligence and cloud computing technologies, the endoscopic image analysis [37] , [38] and big healthcare data [39] , [40] should further improve the intelligence and automation of the endoscope system. The endoscopic image analysis can realize the aided diagnosis with the advanced image processing algorithms for the doctors. Furthermore, the future system can use VOLUME 7, 2019 the cloud storage technology to realize the intelligent management of endoscopic date. The artificial intelligence and cloud computing technologies may improve the intelligence of the traditional medical systems in the future.
V. CONCLUSIONS
A novel laparoscopic image-guided system based on the multispectral imaging is proposed for the ureter detection. To realize the function of the ureter detection in surgery, we design the novel endoscope host system and the endoscope video for the laparoscopic image acquirement and processing, and the POF with the infrared light is used to mark the ureter. In order to improve the detectability of the ureter, we use the designed multispectral imaging camera to capture the laparoscopic image. Because the captured ureter image exists the phenomenon of light scattering and reflection, the obtained ureter position is not precise enough. And we propose the SATS algorithm to segment the ureter to extract accurate ureter position. The segmented ureter position and the visible-light image are fused into the output image. The animal experiments are performed to evaluate the proposed image-guided endoscope system. Experimental results demonstrate that the proposed system obtains 93.8% and 90.6% accuracy in the terms of TPR and PPV . The system with low computation cost can maintain frame rate of 165 f/s in the clinical application. The processing speed is faster than the frame rate (30 f/s) of the traditional endoscope system, and the performance satisfies the clinical demand. The iatrogenic ureter injury may be reduced when the proposed image-guided endoscope system is used in clinic. In the future work, the human clinical trials should be executed to further evaluate the stability and robustness of the proposed image-guided system.
